Low Temperature Diffusion Study of Molten Core Method by Musangu, Brooks
The objective of this project is to investigate the effect of cane size on cladding diffusion 
and on core size of the final fiber. It is hypothesized that a larger cane size should yield a 
smaller core size.
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CONCLUSIONS
 The conventional fabrication process of optical fibers utilizes chemical vapor
deposition.
 In this project molten core technique (a non-conventional technique) is
employed to make optical fibers.
 This allows simple fabrication of novel optical fibers through the use of a wide
range of compounds and compositions.
 The fabrication of bismuth oxide (Bi2O3) core optical fibers will be investigated
due its intrinsic material nonlinearities and future potential for nonlinear fiber
optical devices.
 A commercially available borosilicate glass, commonly known as Duran® glass
(composition 81SiO2-13B2O3-4Na2O-2Al2O3 wt%) was used as a cladding tube
because of its low drawing temperature.
INTRODUCTION
 Cladding diffusion SiO2 was 
consistent among the three 
draws.
 Compound concentration Bi2O3
varied with different core sizes.
 The results show the largest cane
had the smallest core sizes.
 This part of the fiber was drawn
from the beginning part of the
cane which had a larger core size.
 This was as a result of Bi2O3
having trouble to melt and
thereby yielding a large core in
the cane and when this cane is
redrawn to fiber its core size will
also be larger.
Pictured left are the pellets 
that are stacked in the 
preform to produce fiber and 
to the right is Clemson 
University's Draw Tower used 
to produce the fiber 
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The table above shows the summary of the results from the three draws.
Compound Concentration profile 
across the core of the fiber
Cross Section of the SEM 
Micrograph of the Fiber
SEM Micrograph of pellet 
Sample.
Pressing Powders into Pellets
A powder mix of Bi2O3 (99.9995% purity) and CeO2 (99.9% purity) was prepared.
The theoretical composition investigated is - 99.5Bi2O3 -0.5CeO2 (mol%) corresponding
to weights of 2.9943g and 0.0057g respectively.
The powder mix was then hand pressed into 3 mm diameter pellets.
The sample pellets were
analyzed and the compound
composition of the pellet was
as follow: 99.183% Bi2O3 and
0.807 CeO2.
Three fibers were successfully produced. The image above to the right is
an SEM Micrograph of the fiber with Duran® cladding glass and core
composed of Bi2O3. The figure to the left of the SEM Micrograph is the
Compound concentration profile across the fiber core. The high silica
content on the edges represents the borosilicate cladding region while
the high bismuth content depicts the core region.
Cane from the beginning of 
the draw
The image to the left illustrates the cane from the beginning of the draw;
showing a large yellow core. Both canes have a diameter of 3.5mm. The
image on the right shows the cane form the middle of the draw; showing a
small light yellow core color, which seems to be glassy.
Cane from middle of the 
draw 
Drawing the Fiber
The pellets were loaded into Duran® glass and
drawn into canes of various sizes (2mm-6mm).
This was done at temperatures ranging from 1060o
C to 1075o C.
The draw temperature was greater than the melting
temperature of the core composition, allowing an
easy draw of long length fibers at high speed.
DISCUSSION
Cladding 
Size (µm)
Core Size 
(µm)
Cane Size 
(mm)
Average Bi2O3
Compound 
Concentration 
(weight %)
Draw Speed 
(m/mins)
Cladding Diffusion SiO2
(weight %)
Draw no1 126-136 19.8-23 4.8 55.4-56.4 8 39.3
Draw no2 124-129 12-14 6 51.2-53.7 7.7 39.7
Draw no3 121-124 13.3-18.6 3.5 47.7-51.1 4.0 41
 The size of the core in the final fiber is not largely dependent on the size of the cane, but instead it largely
depends on the ability of Bi2O3 to melt easily when it is first being drawn from preform to cane.
 The results on cladding diffusion show that there is minor difference amongst the three draws: they all show
~40wt% SiO2 and ~53wt% Bi2O3 in the fiber core. Thus, it is problematic to compare the effect of cladding
diffusion with the give situation.
